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»s (1, 7, 8) ±ic, nmmm 

(3, 6) , *;U=J/<'1'^-1' hOiiijX/l (4, 5) Jil/HU 
^(4. 5) a)i?3tmXI*Uit4^(rN a. KSI/LiAN 

:^'J^g'r:t-><ompM*£«J[^. t£»iSBrH (2. 6. 

9. 10a) S-atStPilJlKllrorBTlCiHS-rSA^XIiT^U 
*'J^«^^(D»+fi (7) ^<^ffl-rS-i:lcJ;yiaih 

[If 3 ] mtEyimt^i- h u AT'fc y . an-o n a 

2SXI*N a2S e <t LTQRJiXg (4. 5) ^-^-WTlCfe 

•smisi (3, 10. 1 0 a) Jl(c^Kfi!^■r'SH^^(c«f^^■B• 
J:^^iP^^^(cJ;yft5. ii^is 1 ffittfl):^;*, 
<fe'i)jSilP$X/N°';/-S' ij >-i7*ICcfcyff3. |g*«1 *''?>3 
[if^JSe] Htiia7c*3Z.ii^(D'lb^1^!i*<Wsm4i 

(3) 3Z.I*I»J|31H (4. 5) (DJ$$j>t-i^lC-?-*l,C,<7) 

^iP-r-S). SS*i1 1 1B«(7):^;ic 

T i N, A I 2O3, S i 02. Si 3N4, Z r 02XI*T 

i 027^)^t.iH^R$;^^-5)tS;Sti;t»r)i (2. 6) $-*«i:qa 

ites (4) .hccPBiicias-r-s, it^in A'«e.6*-c<75t% 

[IS^:tS8] ii^7.^m (1. 10) T i 

N. P tXI*PdA^f>a«^=;t^i>?S®14a:ifeS (2) ^ 

[lt*JS9] *;i'=l/N°-<^'l' hflftllKll (4. 5) *C 

uIn(Ga)Se2(S2) (=CIGS) ^A^bMjt 

LA^o■^cDfcto(c (T)i^±ij^m) 7tm:^itm7bm<Dit 

L^-rt^-A^ 1 iftBttro:)? Jie 

[!ff*lSlO] Na, KJit/L i C7)|$ANP,jMiR*tt 

^7tm^ml-^^ 0l4~1 0l6/-q6J|xjf cm2<7)ar'^ 

[iS*iii 1] »s (1) ±(c«ffim*i (3) . 
^/^-T^-r hojiijRji (4, 5) , ^MRummmm'^^ 



*ili 0fB«cD:*;lim;feo 

[if 1 2 ] *-^x»« (1) . ^ y :?T^>mS 

(3) , 3^Cu I n (Ga) Se2 (S2) (=CIC 
S) A^^>^£i)*;^^/^-f ^-r h-BRiteJl (4, 5) ii^P^tj: 
^mm.. ai/iiRJKS (2) i:»*S<DPBllciBm^F*ifc. T 

i N, A I 203, S i 02, Si 3N4. Z r 02XI*T i 
02J!)^t.jM«$*i.^ffiiSi^WJl (2) If^RiI 

1 1 sBt£<»*ffimJliJo 

[If 1 3 ] ffi»31»r)l (2) A<20~1 OOnm 

(om^^^-t^. is*3ai iiB«©*i««H&, 
[0001] 

[0002] 

[0 0 0 3] m^. mmjki^^mm^^mzmLxitm 

[0 0 0 4] aifiiiiANosB#ra^sitco*iiiS5iij*^ji-r 

^tzsb(Dmmumm\t. m^-c\tmf^¥m i - i i i -v 

i^m^in^o ^IZCu I n S e2 (C I S) JSlXS^C u 
In (Ga) Se2 (S2) (=C I GS) *^?)^t■5|^S 

I*. mmtjimmmtamx-m'^^Ht'^-ommMmm-emz 
1 7%^iax*3a***-r-i.o 

[0 0 0 5] 1SfflCD-t;H«iSl*. *'^X»lS- ^UZ^t" 

* 1 ~ 5 « m<D?aiR»> aiBIWM^b* K 5 O A^HJtl/ 

[0 0 0 6] BBt*5aiJpttllb7-'U* y^)i^***^x* 
^J^I^V— tSf^K^r^X (Kalknatronglas) JilciJ 
jfi **t-5*:^S5feT'a^-t C <t A<t? # -S C i: A<*iJBJ L 

#r% »J©»*fi*t*4^trttSi^l2 0 0 n m(D¥i4l?4-?-i£S 

^^S:^*t)5 O nmC0*grB^A<ffgfi)c^;tX'5„ dCDCtl* 

[0007] *lll:jt!it#14<7)flc#t4(D)^H<t LT. *tS 

<DmzmtMcoi&< ^X'mm^^i>(DX' ^ mzT)\-± y 



(3) 
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■^'"^'-v'^A4~ 5%&u::^JU->H7AO. 5~1%£D (± 

[0 0 0 8] :*i;u=j/N°-f ^-r hPi^JixMS^^-T'&^i^mjfe 

f o If ■<?ll'ti:-:>fcWai^#A<*-lcr;u* 'J^JSXttT 
[0 0 0 9] 1 ■o(Di)^,'^,<b: LTs :^ ;u=J ^ -f h 

[0 0 10] v^'^m^^-i'^'mmtiiX 

mm.^^'&xm^\^mm.-t^fzitiK&^-T2h^ ^ oo%(d 

[0 0 1 1 ] 

fe-3f=*«^W^»I^L, -?-;h.(ct*^A^5b?>-rg:^3a* 

(Ga) Se2 (S2) (=CIGS) An b JjC -5 ±1 JU=1 
[O O 1 2] 

y if 1 bH«(d:;^;4 ic j: y f»j* $ „ 
[oo 1 3] :*;^Bjro»j(;5^SS^tilJty:4i^Sijiz«jj)t$tL 

[0 0 14] BE!c:b;u=i/N°-r7-f hU&JlxeP^ 

lim;fe<7) 5c4i^ ^f a $ t c N 5 1= 

[00 1 5] MIC. *j^0J(±. 7*"^X(D5aSttPiiI|Rlipfcl 



[0 0 16] MIC. *^BJ|zJ:;HlS\ S6JR)lr*3CDT;U±) 

[0 0 17] ^^Uri/^'f ^-f h«ii|XBP^ICT;U*'J^S 

^ Lr LN/cf LN^-<73<till*|5| U:liji(7>*l^m;{!li: 1*^ 

;te(D»:;*;iS)tW#g^S*ftl^«l±A<. '>>S < t. 8 o m v 
-tClNL 5 O 0mV^i6&:h.'5<. 

[O O 1 8] S$gl:;JKSJSI*. 4 OmV/cm2jil±. 
ULNT[*Slifi<llcprt^^ffi::*;{it<7)ie < $ Tii-r -So 

[001 9 ] (5 W*l*1*£*^:^ 6 5 %A\ b 7 o %Ja±lc 

[0 0 2 0] *:l^«jt!i<DJHtft1^«lEf*. BEIcS'>t;u* 

[002 1] ^ y ^7^>m41icMf ^i»lx)l<??^^«:^3 
1*, a!tm$:H.-So 

[0 0 2 2] :$:^BS(cS-:5#»+H<bl**llfi^lc^Jt^+T. 
-SeSiRSI*. *^m;t!Jlct-3T*fiJ'SftJ«l^*-r-5= iS 
©JRBfiffliK^^iKT'fc y , 1 ~ 5 // mT'3&-S?fti|R)g 

MroasSiiffJ^S+i'tctNo ttor. 3^f|Bj(cj;i,:^;i 

[0 0 2 3] B&ilXJKDT^U:^ y#g#a©IE5t^C«$l* 
J^^a<}|c>fcB«;tl!OT^^lcP^-r-5)05T% *fgBJ(Ccfci> 

?3jsiccfc*i.i*\ s-rm-icT;u* y^M#aicM-r-5S 

r*l^m;te(DaLNANOg©(D3ei!)*(7)ilfi!c$-nrt^lc-r-5). 
p^iRJlf^roiS^^cT;!':^ y^S^S$*-ri>*^m;i!i* 

[0 0 2 4] *^B^iCcttiii. fRJl7H(DF/fMa)r;i/* y 

^S-^Sli^fiilcii^Smtllc^t-T'SJ^^^ja-CPM^? 
3g(7)gAI±*^mji&a)ffiL''3a*^ - <!: A^fiJB^ L 

fc, ^-^-et'&:i3?RJ|RJiroJi$^tt:ic49fcy-s<DT;u 

[0 0 2 5] Rifao)T;ix*y^a»(D^Aii. tc*^ h 
IJ A, ±1 u '^Axii y ■^'t'Aroi+a LfcjSJQic J: y 
5ci:A<r'#'&o y^Mwj^SDii. ffiii-t;uxi* 

j^J^^^SA^ b <DMfg ic J; y ^T 3 c t A<r' # ^ „ 

[0 0 2 6] lanl^ca^p,. 3fMa>T;u*y#JS#» 

I*, jIS^ct;^^ y^M-lb^i^wstSL^cjSSaicJ: y ^T 
30)A<*fiJ-efc-i)o c:;h-bl*!f#lc^*. -bu>t 
(©•f-^^';h.<D1b^!^XI±/\n>y>'(b1^trfe^<. mM.'BLlS- 
-bU>l*iBEic*;ua/W7-1' h#3H*(Dl«RltfiK:5j-Tf fe-5 

[0 0 2 7] T-iUi^y^S^b^tiro^Jftbli. *?i|icl±x 
y >yxid:|lfllcJ:yfi3o -^-rofglctt. T;u* 
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^•IbfflC uxS eyt<D}W.-^^—^y \-Xlt7>\ytl 'J^M 
Ib^ifelt-trU^-tb-f ^v'l^A I nxS eytroig^^i— 

•> ■plJx.tt'C u/N a. Cu-Ga/ 
NaXlil n/N a t nlfil-efc^o 
[0 0 2 8] ^hhU-^A, :t) 'J OAX(±<Jf^'^A(?)#A 

[0 0 2 9] iS^^fT-iU:^ 'J*«^fi:(*, 

^^-C<Dg«Jle&l;?l#igSL^T(Dgl^$^^Blf^ (Rapid Term 

a I Anealing) lz^^if^^^mW^(Dl^t^^lft-t ^ 2 

014~1 0l6j^^/'cm2(©fi;i<:frfijT'fc 
[0 0 3 0] «fttlLf-7;U:^'J^Sa<7)*lfPI*, lacIEL. 
[003 1] t;u*'J^JS#*»+s. !f#(c*'^x»^s$ 

A, S i 02. T i 025il*Z r OzA^ihU^Mi^MiJ^M 

[0 0 3 2] miih^mmmit. v&i^mom'^mizm&it 

A&u:K<bS*Bi*prateHp^T-3lB^r-fc-5ro-e. 
fi*Jl-ilB^/d:»«^«ffl-r '5l^lc(*1^S7b^ bS^S^Sffi L 

i±. ■gijjiiiEfcim*#i+ttiM^gFimo 5 3 6 4 3 1 ^Mmm- 

'j:7h7t-:7 (Lift off) 

[o o 3 3] ^itm^*'4A>t>^i:^tj£tjit»i«m, ats 
^fctoici*. istmanBTiii*. w®ms<t-*tic«ijs^b 

[O O 3 4] +-»td:mmifm\t. mZO~^ O O nmCO 

5»L^^1bT;U5-'t7A, ft1b5^^!>« mitT)l^Z-'t> 
A. K^b-f^^>XiiK^bv;U=3:=.'t'Alcd;yjSfie$;h. 

[0 0 3 5] mwiWLmmm\t. -iiftitDUfaij*. •(sij^ittMb 



SfStix/^v^! 'J ^-J^'lCcfc y ■(b^itife6<Jl-A^ 
[0 0 3 6] *^Bj<ot,3 1 oajntte^figtid:. r;!'* 

y#Jl-f Tl-^l-S^LT^^I-S^^CigSff^ffl^WL. 

mmir^ztt<xt^o :i<Dmmmm\zisi^xit. ma 
It. m^{i^±fzm.it^^ iyt>^i,mf$.t^*txi^xi^ 

fl) c i i*EBEicsB« L tzi^mmm^mm^iA^mtsimcom. 

[0 0 3 7] 

[SISS^J] J3<i(c. ^SSmi/e-POTHSico^T^fBB^^ 
•To 

[0 0 3 8] lailcfclNT. T-»U* y*«^**«1 <!: 

ffl$;h.-5><, -e0±(C. ffitjlJiBfll2$i^2 0~ 1 0 O n 

rT><Dmm^x«im^it^. m.^&&im(Dtztbiz^mtL 
xit. Sl^b7;u5-'t?A, M<bg^5i>. -wntrnm. m. 
iti^m. ^1b5^^>xi*K<bi?;u3-'^A^fijffl-rs^ 

[0 0 3 9] ■ta)±iz^-^. WS^®3, ■(5iJ^I*'jStl 1 W 

m<D=Ey :?T^:/)g^x/^y^» u yss-Tc 
[0 0 4 0] ;:>j<DXfIT% RfrMOT^U;'] y^Jl#S^* 
^^:^;u=i/NV^'f hi!Ri|Kli$«ffi«S3±(c|![i£-r 
^„ ^<7?^^. R/TM(7)yjU:^y#®^l:(D«Ag1*l** 
^U^i/W^'T hi»ilXJl<Dfctf)(DS!^:^jilcttc#-r'5o 

[0 04 1] -^rofctoi-li, 2X?i;£T% Ib^ife^agi* 
«)7c*^l5lSl5t(c1b^a!^6<)aT?^:&f -(b-^ifel^ 
3H*cDJ±i^jS;:b^<J;y'd:^^Ilttit^iltitt-'5)o m2XfI 
T*. ailgJi£^J-^<b^!|«5¥»«:(cfi<b^F-t±i), c:<o«^. 

Xli-e^h, t> (DffiScD 2 7E^b^!^7^l^ t) o r L^T t J; L'".. 

m%^-ifi^xmm-t^:itt<x^^o 

[O O 4 2] ^b^!^¥iStt;<OgSjt7^;Slc&:&^;h,ti:L^^ 
>4T-I*. T;U* 'J#«7cm^^fiJfcl*efE<b!felXI*-tr U> 
^b!f^(cff$r'SS**5lc«Tai^-t±'S)o ^<o±i-, m2xfi 
T?fiu:^b^ifei¥»j*ro t. ^ ^SttiS ^« j£ L jtiN 
-^?l#ii^#iiMx?iT?ai2S<)iztt5 o o°cja-ha);ajgr' 
<b^1«!l##{*lc$i<b-r-5o 

[0 0 4 3] W®mffi3(DJ*^S(c, T;u:^y^M»<D 

'>^^L^¥#^*]15CDTCDT;^* y ^a»CD^L^i^^^»^*:® 
4*<ff^JiE*Hfc. HI l:;;TiLfc«lJ£Aq#t.*i-&„ 
[0 0 4 4] jMS^WIc, T;U*y^«1b^!l«!lO)t+S^*& 
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[0 0 4 5] eftHRH^Mit-TiifctoWl XSiCl^jiT' 

[0 0 4 6] ^i\s.m(om&ii\tmmmu i ■oo'S^mizts 

l^Xit. ■(5ijK.liWS«@*t*4cDI5AMc-:h hU-^A. :^ U 

[0 0 4 7} nmm.m3tiih^mmm2izm 

■r-5l5IIRJ*A<01 l:Ii±LT35^^*^Tt^-&1 
m^l3^ii;fetitMBf)l2CDfci6G)*^*4i: LTIi, •gijx.l* 

[0048] lSi|Xlla)Mj&=fe L < ItTJl'i] 'J #S#»0) 

[0 0 4 9] 1113 1*. T;U*'J#S«ii|XJg4. 5*<«S 

mM6Si;T>iU:b 'J#S#^S«1 <J5±l:iiEa^^tf-ll 

[0 0 5 0] ^il-^/i^^y-f hBailXJlCDSit^tt/TJU-* 

^Slb^l^rottsm+l 6 -^w«^)ia»JSffl'^<D^Ai*, 

^J*Lfcqfti|XM4. 5l-^5L^rT;^* 'J#M»©^L^11 

[ o o 5 1 ] r ju±i u #ji^^DiiijKii 4 CTCitefJt 

)12. 6A<iea$3h.fclil2S.t/^3CDllffi0iJlCfcL%T 

mWi,L<lti])l^^fU^^ h?RJlXB4lcS*-r'5ttfitJS 

;^So^Mit^J)fc^blr^gJ5:•lfc,3{)^•^MIc, ^'T hq& 

i|X)l4, 5rolijgx?il::fcL^r^fiS:L.A^-:>Wffimtli:JS: 
JSf * c i: J; a ^C7c^^ti;^b-&!^a)fcto{Dtti«fc 

S©it C± (r :^ ;b =] ^ -f h PiiiRIi ^ ff^fiE-T cfe 5 
:*:l^m;fel-J:b«iLrWfiJT'S.'S„ i2U>X(*^iJI. ^-o 



mztt<x'^^o ^^mi^tnmmmt(D^^:t^. m^\i 
[0 0 5 2] El 4 1*. t;u* 'J^R^#a)**s^*'^^ 

*#(-K^bTJU 5 A. ^-(bi^ynj -rt? AXl*K<b^^« 
[0 0 5 3] anisic J:ttlfC<;)«-&7';U* 'J-^mTcM 
CD to (D «*4iM*R t, C © C I r L r f ij Rg ^ ;H t ^ o 

[0 0 5 4] tsusLmom^it. mzmmLtz^oiz^ 

5. C<7)iS^. «ilSffi3ICirfr'S)«l!tffi<DraiaicfcMt 

■So 

[0 0 5 5] 1151*, :^nm<Dt=> ^'^(D^mm\ztSl^ 

x^m[zT)[^t)'j±m^-^x-&^A<. {BL#mt±roa« 
3 t^ma tomznuai^tiiii&MkmQ oii<^mx'^^\z 
>'3.-)U(DmmLtzm.mmmt<-^mx'^^ c t izs^t-^) 

#lJl^fr-Cfc^„ «m*6!»(OI5AM-, f^$fei»)l(*»t5i: 

<Dtztb(DmwLy<'j-^tLxm< o mmm9(nfz^<omm 
mw. m^\tmiti^m.. ss^bv^u^-'t^Axii^ib^^' 

>t?fcS„ '^smfii3(»<t*^yi::, S«?6<llcEl2lrJ:^ 

Hffi^SiiiI^^^-t±2SU:3X(*E13(7?W®mffi6, W 

[O O 5 6] :^ hU-^A, ±'J'tfA. y^^-t/AXIitBlS 

-r -5) y #M{b^*^(Di+M;^APT-e<7)ltSm® 3 

i;qRj|Rji4. 5o?«faii*, s{(cffiKLfc<fc5ic^T9, es 

[O O 5 7] *|iim5te^i?3g"r-5fcto05t.a 1 OC073>4 
I*. '^*Q7^;ilca-D-< o n-«affj^gi: Ur. (p- 
mWm) ?SJClB5^:n-Lr19i]x.l*)¥$ 1 0~5 O nm© 

K<b±i K--^Aii^^3tt-'S.o mmzsti^m 
m^. m^\im$ i //mtf)^^bstaiirojf$-i?*iTi±i^-y- 
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[0 0 5 8] H-^^[zSi>^vzL— ;u"ttJ±^3lJS:-r^fcto 

ISM^lci»J|xBi^T:?(7)T;u:b U ^M;«)tc^±#^^Sg-r 
[0 0 5 9] 1161*. hb-hB;1!ia)««^S 
^mLmt>^^o (H 1 05.1K1 O at^h>tj:i>) 

K. f*'ig ^biixf*^>^bsrp^;^)^ b/cforiNrtcfccvTco 

(Transparent Conductive Oxide) Tb^ib^f^il^B^tHiI® 

[0 0 6 0] : V — ^^^^SZtt^S/^e O nmA I 2 

OSx^MoXN a2S e/C I GS (El 1 #fiS) 

6 O n mOMi^B^JiA I 203J1$- A I 203ib-&i^^— ^ 

^ S y<7->^yyt^h>'^m:^WmLfzN a2S e (D^^t^ 
^^fCcfcUfT^o CCO||]Sfe0iJ-e(Dai*2 X 1 o15^ KU 

vOA;at>'-tzU>ll;6N'^(7);Si^ij?lM;£TrS?3t-r>So ^CD 
y-riJ^I::. ^M^O. 89<Cu/^ (I n+Ga) <0. 
9 6aD^;Uj±T?H2U>^b-t- h 'J ^A_t|CX/^*v^ U >y 
L. HzU>^ 2 5%CD^b^aiifr^i^fiJ-C^^^i±. 75)NO 

S3SPM;£-e^MMIcfi5 5 o°c-e i o^^P0i:;F?5'l4±rx 



^i;:^"::/-tz;H^t:J5rE:^-d-TC u I n (Ga) Se2(^ 
%K\t^^o 7t^MW\t. 1— 3/im. ::CD:*t^(Cli 2 /i 

XliCu, Ga. I n;SLr/S eCD|W|B#^3Sl^ffiffl-r*C: 

[006 1] ;fcPi1i;fi^»3g-r^fc*)lCl*. ®i|XH4. 
5±(Z^^P:^}£(Z«'5^ 1 0-5 0 nmCD^l^®l^b:b K 

r 5 O nmXi/A I 1 // m ;?)^ f> -5 V X ^ ^ 

[0 0 6 2] J:k$5(7)fci6(r. I|:^>-t U>^bt- h U ^ A;S 
*Ii±t^|cA I 20351BTlS^*-r«)V-^^J3cS^S±l::iS 

c7)3ci!)*[*5%7fe;1S-efcofc;b<. -feU^^bt- h U ^A^ffl 
L^^i:1 0%JM_t-e&ofco CCD^?iJ-rrl!J:^^F;txfcm?tilT-* 

Na^jrL: 77<5%. Voc<425mV. I sc< 2 1 m 
A/^cm2, FF<5 6% 

Na2Sefcy : 7? > 5 %. Voc>445mV. I sc> 
37mA/cm2, FF>65% 

[02] SSII@tffi»ii»fJlfc||-r^Blii/*;{)<g|i ic 
[0 3] t;u±i u^JSqRJftJf y^ 
[04] T;u±iu^s^^a>»«^*-r§t5 1 oc^^js 
[HIS] l^*i(cT;u±i u#M^-^-efc'5)3{)<. <BL««t^ 
[0 6] hU-hm;i!l<7>«SSa«li:L/c*J^ 

[??-^(7:)i5£B^] 

1. 7. 8 ^ffi. 2. 6. 9. 10a feSjcigW 

3. 6 4. 5 :b;u=3/^^^-r 
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